A cDNA clone encoding trypsin (AG-T) was isolated from the pyloric ceca of cold-adapted fish, arabesque greenling (Pleurogrammus azonus). The cDNA was composed of 892 bp with an open reading frame of 729 bp at nucleotide positions 25-753. Similar to all the known trypsin, the AG-T seemed to be synthesized as preproenzyme that contains a hydrophobic signal peptide, an activation pentapeptide and a mature trypsin of 222 amino acid residues. The AG-T also completely conserved the major structural features common to trypsin such as the catalytic triad (His57, Asp102 and Ser195), the obligatory Asp189 and twelve Cys residues. On the other hand, the AG-T possessed the deletion of Tyr151 and substitution of Pro152 for Gly in the autolysis loop when aligned with the sequence of tropical-zone fish and bovine trypsins. In addition, Val75 concerned in a combination with calcium ion was exchanged for Ala in the AG-T and the content of positively charged amino acid residues at the calcium-binding site of the AG-T was three times higher than those of tropical-zone fish trypsins. Moreover, the ratio between charged and hydrophobic amino acid residues in the N-terminal region of the AG-T was also higher than those of temperate-zone fish and tropical-zone fish trypsins. Such structural properties of the AG-T would contribute to its low thermostability.
Introduction
Trypsin (EC 3.4.21.4), a major digestive enzyme, is a member of the large family of serine proteases. The enzyme specifically cleaves the peptide bond on the carboxyl side of Lys and Arg residues. It is characterized by a common catalytic mechanism involving the catalytic triad of three essential amino acid residues (His57, Asp102 and Ser195) and a substrate determinant residue (Asp189) [1] . Trypsin has been studied in a broad range of species from bacteria to humans because bovine trypsin was isolated and analyzed as the first proteolytic enzyme [1] . The enzyme is an excellent model to study structure-function relationships and many studies have been done to elucidate the structural properties of mammalian pancreatic trypsin [2] [3] [4] [5] [6] [7] . On the other hand, fish viscera are a source of trypsin that has some unique properties of interest to both basic research and practical applications [8] [9] [10] [11] [12] [13] . Especially, fish trypsin displays substantially higher kcat/Km value at low temperatures than their mammalian counterparts. For example, the catalytic efficiency of cod trypsin was found to be higher than that of bovine trypsin [14, 15] , and that of salmon anionic trypsin was reported to be as much as 40-fold higher [16] . In addition, fish trypsin is more sensitive to inactivation by heat, low pH and autolysis than that of mesophilic analogues [14, 17] . These enzymatic properties of fish trypsin are interesting for several industrial applications, such as in certain food processing operations that require low processing temperatures. Indeed, Atlantic cod trypsin has already been used in industrial applications [18, 19] and medical applications [18] .
Recently, we isolated and characterized trypsins from various species of marine fish [29] [30] [31] . Then, it was obtained that the strong positive correlation between habitat temperature of these marine fish and thermostability of the fish trypsins [30] , and it was also noted that the trypsin from arabesque greenling (AG-T) showed remarkably low ４ thermostability [21] . The property of AG-T stimulated an interest in the potential of its commercial use. However, there is no structural data concerning the AG-T. Therefore, in this study, we investigated a primary structure of the AG-T.
Materials and methods

Materials
Live specimen of arabesque greenling (Pleurogrammus azonus) was purchased at the fish market in Hakodate, Hokkaido prefecture, Japan, in April 2008.
RT (reverse transcription)-PCR and cDNA sequencing
Total RNA was extracted from pyloric ceca of arabesque greenling with a TRIzol regent (Invitrogen, CA, USA). Poly (A) + RNA was isolated from the total RNA using an Oligotex-dt30 (TaKaRa, Kyoto, Japan). The poly (A) + RNA was reverse-transcribed by using a RT-RACE primer (5'-GGCCACGCGTCGACTAGTACTTTTTTTTTTTTTTT-3') and a SuperScriptⅡ (Invitrogen, CA, USA). PCR was carried out using the first strand cDNA designed on the basis of the above partial nucleotide sequence and a reverse primer (5'-GGCCACGCGTCGACTAGTAC-3') designed on the basis of the RT-RACE primer.
5'-RACE was performed using a 5' Full RACE Core Set (TaKaRa, Kyoto, Japan).
Total RNA was extracted from pyloric ceca of arabesque greenling with a TRIzol regent (Invitrogen, CA, USA). Poly (A) + RNA was isolated from the total RNA using an Oligotex-dt30 (TaKaRa, Kyoto, Japan). The poly (A) + RNA was reverse-transcribed by showed the same structural composition as those of bovine trypsin. However, the signal peptides of frigid-zone and temperate-zone fish trypsins had seven contiguous hydrophobic residues common to the AG-T signal peptide.
Activation peptide
The AG-T activation peptide was pentapeptide composed by a poly-anionic cluster (two Glu residues followed by an Asp residue) and a Lys residue located at the C-terminal end (Fig. 3) . It was suggested that the cleavage site between activation peptide and mature enzyme of the AG-T is at the C-terminal of the Lys residue (position 9) and that the enterokinase or trypsin itself of arabesque greenling recognize the poly-anionic cluster to cleave the activation peptide from the proenzyme [34] . The activation peptide of ８ mammalian trypsin is usually consisted by octapeptide containing a hydrophobic cluster of three amino acid residues followed by a poly-anionic cluster of four contiguous Asp residues.
Equally to the AG-T, the sequences of activation peptides of frigid-zone and temperate-zone fish trypsins required the deletion of two amino acid residues (positions 1 and 2) in the hydrophobic cluster when aligned with those of tropical-zone fish and bovine trypsins. The number of amino acid in the poly-anionic cluster of other fish trypsins except for zebrafish was one residue shorter than bovine equivalent in accordance with the AG-T.
Mature trypsin
Common structural properties of AG-T to vertebrate trypsin
The predicted amino acid sequence of mature AG-T is showed in Fig. 4 . The AG-T was composed of 222 amino acid residues, and its molecular weight was calculated at Bovine trypsin has six disulfide-bridges (Cys15-Cys145, Cys33-Cys49,
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Cys117-Cys218, Cys124-Cys191, Cys156-Cys170 and Cys181-Cys205) [35] . The pairing of half-Cys residues in the AG-T was not determined in this study. However, the AG-T may also have six disulfide-bridges, because it possesses twelve Cys residues at the appropriate positions in bovine trypsin. The catalytic activity of trypsin is due to the ability of His57 to transfer a proton from Asp102 to Ser195 [35] , and the consensus repeat (GDSGG) is diagnostic of a serine protease [36] . In addition, the steric and electrostatic properties of the S1 pocket are need for substrate specificity [3] . Especially, the preference of trypsin for Lys and Arg residues results from the presence of Asp189 residue at the bottom of the S1 pocket.
Moreover, Tyr172 residue interacts synergistically with the residues of the S1 pocket and two surface loops (loop 1 and 2) to determine substrate specificity [4] . In this study, it was demonstrated that the AG-T completely conserved these important structures for catalytic function of trypsin. Therefore, the AG-T has a common structure of vertebrate trypsin family, and its catalytic mechanism is essentially the same as those of them.
Structural properties for low thermostability of AG-T
The deletion of Tyr151 residue and substitution of Gly for Pro152 residue in the autolysis loop (positions 143-153) of the AG-T was existed when aligned with the sequences of bovine trypsin (Fig. 4) . These structural differences were also found in frigid-zone and temperate-zone fish trypsins, but not in tropical-zone fish trypsin. Gable and Kasche [37] reported that the cleavage of single-chain bovine trypsin (β-trypsin) at Lys145 residue in the autolysis loop results α-trypsin which shows less thermal stability, and it is thought that the structure of autolysis loop is strongly relates to thermostability of trypsin. From the structural characteristics of anchovy trypsin, Ahsan et al. [32] considered that Gln192 residue located at the entrance of the S1 substrate-binding pocket in anchovy trypsin is much more
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freedom with lack of the bulky ring of Tyr151 residue, and substitution of Gly for Pro152 residue in anchovy trypsin could result in a completely different orientation of the autolysis loop between anchovy trypsin and bovine trypsin.
Four amino acid residues (Glu70, Asn72, Glu77 and Glu80) were conserved in the calcium-binding loop (positions 68-80) of the AG-T, but Val75 was exchanged for Ala. Also, the AG-T had three positive charged amino acid residues (His71, Arg74 and Arg84) and three negative charged amino acid residues (Glu70, Glu77 and Glu80) at the region. Bovine trypsin has been found to require Ca 2+ for thermal stability and resistance to degradation, and this stabilizing effect is accompanied by a conformational change in the trypsin molecule resulting in a more compact structure [38, 39] . The calcium-binding site of bovine trypsin is in the external loop, and five amino acid residues (Glu70, Asn72, Val75, Glu77 and Glu80)
are concerned in a combination with calcium ion [39] . These residues were completely 12.1 %) and mammalian trypsins (mean: 5.0 %) [41] .
We predicted the 3D-structures of the calcium-binding region and the N-terminal region of the AG-T (Fig. 5 ). As shown in Fig. 5 , the positively charged amino acid residues were observed in the surface of the calcium-binding region of the AG-T, but that was not detected in bovine trypsin. Additionally, N-terminal region located at the surface of the AG-T molecule contained more charged amino acid residues than bovine trypsin.
From these results, we believe that the structural characteristics at the autolysis loop, calcium-binding region and N-terminal region of the AG-T would contribute its lower thermostability. We should produce the recombinant trypsin from cDNA and obtain the evidences supporting the structural properties. These are currently under investigation.
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Conclusions
The AG-T conserved common structural properties of vertebrate trypsin family, and its catalytic mechanism would be essentially by the standard chymotrypsin numbering system [44] . The names of sequences are the same in Fig. 2 . Dashes indicate deletions introduced for maximizing the sequence similarity.
The residues of catalytic triad (His57, Asp102 and Ser195) and obligatory Asp189 are marked with asterisks. 
